I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The spleen is the most frequently injured solid organ following blunt abdominal trauma, accounting for up to 50% of all abdominal solid organ injuries in some reports.\[[@ref1]\] Operative management (OM) used to be the norm until some decades ago.\[[@ref2]\] With the discovery of angiographic embolization and the immunological importance of spleen, especially in the pediatric age group, there has been increasing interest in splenic preservation if injury is not causing an immediate threat to life.\[[@ref3]\]

The normal adult spleen weighs between 100 g and 250 g. Histologically, the spleen is divided into red pulp and white pulp.\[[@ref4]\] The red pulp is a series of large vascular passages that filter old red blood cells and trap bacteria. This allows bacterial wall antigen presentation to the lymphocytes in the adjacent white pulp, which is filled largely with lymphocytes. Lymphocyte exposure to antigens results in the production of immunoglobulins (IgM), the most common of which is IgM. The white pulp is also the site of production of opsonins such as tuftsin and properdin and complement activation in response to appropriate stimuli.\[[@ref5]\] All these functions of the spleen are lost after splenectomy, making the patient vulnerable for overwhelming infections (OPSI).\[[@ref3]\]

Splenic trauma can present with life-threatening hemodynamic instability, mandating immediate surgery as a life-saving measure. Non-OM (NOM) is reasonable for hemodynamically stable patients. Penetrating injuries to the spleen are often managed operatively because of concern regarding associated intraperitoneal injuries.\[[@ref6]\] About 40% of patients with splenic injury require immediate operative intervention.\[[@ref7]\]

Currently, modern diagnostic imaging has enabled more accurate staging and monitoring of splenic injuries, and an improvement in interventional radiology techniques has further encouraged the NOM approach.\[[@ref7]\] Thus, splenectomy is now one of several possible treatment choices, rather than the only accepted approach. As many patients also have other associated injuries, management decisions are often biased. The aim of this study is to compare outcomes in NOM with surgery in isolated splenic trauma.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The study was cleared by the Institutional Ethics Committee. This trauma center is one of the very few level-one trauma centers in this country with an annual ED census of 75,000. Retrospective review of a prospectively maintained trauma registry was done. All patients presenting to our ED with abdominal trauma, blunt or penetrating, found to have isolated splenic injuries on workup, with or without minor soft-tissue injuries, admitted between January 2009 and December 2016 were included in the study. Patients with associated intra/extra-abdominal injury were excluded from the study. During this study period, 1496 patients were admitted with abdominal injuries.

Patients were divided into two groups:

Group 1: Patients who received NOM, with/without splenic artery angioembolization (AE)Group 2: Patients who received OM.

The Splenic Organ Injury Score system of the American Association for the Surgery of Trauma, 1994 Revision, was used for staging.\[[@ref8]\]

Treatment protocol {#sec2-1}
------------------

All trauma patients underwent initial assessment and management as per standard ATLS guidelines. Hemodynamically unstable patients with evidence of hemorrhage in the abdomen (FAST positive) were taken for exploratory laparotomy (OR). FAST-positive patients with abdominal trauma were planned for definitive imaging (contrast-enhanced computed tomography) if hemodynamically stable. Therapeutic AE was done for any contrast extravasations or pseudoaneurysm in abdominal solid organs if the patient remains hemodynamically stable. Prophylactic AE of the injured spleen was done if CT shows a Grade 4/5 injury of the spleen. Patients undergoing NOM were closely monitored with regular monitoring of vitals, abdominal girth measurement, and hematocrit values and subsequently discharged on 5--6^th^ days of admission after getting a duplex ultrasound done to rule out any subsequently developed vascular and parenchymal anomaly \[[Figure 1](#F1){ref-type="fig"}\]. Operated patients were discharged as and when they become stable for discharge to home care.

![Duplex ultrasound images on day 5 following Grade 4 splenic injury showing normal splenic artery anatomy](JETS-12-35-g001){#F1}

All patients postsplenectomy were vaccinated with meningococcal, influenza, and pneumococcal vaccines after day 14 posttrauma, usually in the follow-up outpatient department. All patients were advised to receive booster vaccination in follow-up after 5 years. Vaccination was not done for patients undergoing splenic AE, not undergoing surgery thereafter.

Variables studied included age, gender, mechanism of injury, FAST status, admission hemoglobin, amount of red blood cell transfused, grade of splenic injury, length of Intensive Care Unit (ICU), and hospital stay and eventual outcome. Data were entered in Microsoft Excel sheet, and analysis was done using Independent sample *t*-test, Chi-square test, and Mann--Whitney U-test as per requirement. *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

One hundred and twenty-nine patients were eligible for inclusion in the study. Majority of patients 103 were male and 26 were female (m: f - 3.96:1). The mean age of patients was 25.4 years (range 1--75 years), and majority (79%) belonged to the age group of 11--40 years \[[Table 1](#T1){ref-type="table"}\].

###### 

Age distribution in patients of isolated splenic trauma (*n*=129)

  Age group (years)   *n* (%)
  ------------------- -----------
  1-10                15 (11.6)
  11-20               37 (28.7)
  21-30               45 (34.9)
  31-40               20 (15.5)
  41-50               6 (4.65)
  51-60               4 (3.1)
  61-70               1 (0.77)
  \>70                1 (0.77)

Road traffic injuries (RTIs) were the mode of injury in 60 (46.5%) patients, followed by accidental falls in 47 (36.4%) and assault in 22 (17%) of the cases. Majority (100 \[77.5%\]) patients were brought to the emergency department by relatives and known persons, and the remaining (29 \[22.5%\]) were brought by police and state ambulance services.

Only one (0.8%) patient had penetrating injury, while 128 (99.2%) patients had blunt abdominal trauma. FAST was positive in 125 (96.9%) patients and negative in 4 (3.1%) patients.

Ten patients were presented in class III/IV shock.

One hundred and nineteen patients had splenic injury diagnosed by CT. Ten patients were taken to OR directly in view of hemodynamic instability, and their splenic injury and grade were diagnosed intraoperatively.

Ninety-five patients were selected for NOM based on hemodynamic stability. Of these, 25 underwent AE, 17 prophylactic and 8 therapeutic -- 3 for contrast extravasation and 5 for pseudoaneurysms in the splenic artery or its branches. Thirty-four patients were selected for OM because of hemodynamic instability, 31 of these were transient responders, and 3 were nonresponders. One patient of Grade 2 injury underwent splenorrhaphy and remaining 33 patients had splenectomy.

The mean hemoglobin at the time of admission of NOM group (10.6 g %) was slightly higher than the OM group (10.4 g %), and the difference was not statistically significant (*P* = 0.592).

Only 15 of 95 (15.7%) patients in the NOM group needed ICU care, whereas 14 of 34 (41.1%) patients recovering from emergency surgery required admission to ICU. The difference was statistically significant (*P* ≤ 0.001).

The median length of hospital stay was lower in the NOM group (5.0 days) than in patients with OM (6.0 days), and the difference was statistically significant (*P* \< 0.001) \[[Figure 2](#F2){ref-type="fig"}\].

![Box plot comparing median hospital stay in operative and nonoperative groups](JETS-12-35-g002){#F2}

[Table 2](#T2){ref-type="table"} compares the various parameters in the two groups.

###### 

Comparison of various parameters between two groups

  Variables                               Nonoperative (*n*=95)   Operative (*n*=34)   *P*
  --------------------------------------- ----------------------- -------------------- ------------
  Hb, mean±SD                             10.6±2.5                10.4±2.3             0.623\*
  Blood transfusion, frequency (%)                                                     
   None                                   69 (72.6)               7 (20.6)             \<0.001^†^
   One or more                            26 (27.4)               27 (79.4)            
  Hospital stay, median (IQR)             5.0 (3.0)               6.0 (4.0)            \<0.001^‡^
  Grade of splenic injury, median (IQR)   3.0 (2.0)               4.0 (1.0)            \<0.001^‡^
  Mean ICU stay (days) (%)                15 (15.7)               14 (41.1)            \<0.001^†^
  Readmission (%)                         3 (3.16)                3 (8.82)             0.34^†^

\*Independent sample *t*-test; ^†^Chi-square test; ^‡^Mann-Whitney U-test. Hb: Hemoglobin, SD: Standard deviation, IQR: Interquartile range, ICU: Intensive Care Unit

There was failure of NOM in 3 (3.2%) patients; all were young males and postangioembolization. Two patients, one with Grade 4 injury following accidental fall and other with Grade 5 injury following RTI, needed splenectomy within 24 h of AE due to hemodynamic instability and continued transfusion requirements. One patient with Grade 4 injury following RTI, who was readmitted 2 days after discharge with abdominal pain, had to undergo splenectomy due to hemodynamic instability 1 week after embolization \[[Table 3](#T3){ref-type="table"}\].

###### 

Operative, nonoperative, and failure of nonoperative management in isolated splenic trauma

  Grade   OM (*n*=34)   NOM (*n*=95)   Angioembolization (*n*=25)   NOM failure
  ------- ------------- -------------- ---------------------------- -------------
  1       \-            6              \-                           \-
  2       1\*           18             1                            \-
  3       4             40             7                            \-
  4       13            28             14                           2
  5       16            3              3                            1

\*Underwent splenorrhaphy. NOM: Nonoperative management, OM: Operative management

The OM group patients needed more red cell transfusion than NOM group, and the difference was statistically significant (*P* \< 0.001).

Patients with OM had higher grades of splenic injury with 81 (85%) having Grade 4/5 injury (median Grade 4.0). Patients with NOM had lower grades of injury with 67% having Grade 1--3 injury (6%, 19%, and 42%, respectively) with median Grade 3.0 \[[Figure 3](#F3){ref-type="fig"}\].

![Box plot showing grades of splenic injury in operative and nonoperative groups](JETS-12-35-g003){#F3}

Overall out of 129 patients, 60 (46.5%) had Grade 4/5 splenic injuries, of which 29 underwent immediate splenectomy and 31 underwent NOM with AE. Of the latter group, three patients had failure of NOM and underwent splenectomy subsequently, giving an overall splenic salvage rate of 46.6% in Grade 4/5 splenic injuries.

There was mortality of two patients in operative group and there was no mortality in NOM group (5.88% OM vs. 0% NOM), and the difference could not be tested statistically because of zero mortality in one group. One patient was a 42-year-old male with blunt trauma abdomen (BTA) due to RTI who had Grade 5 splenic injury and underwent splenectomy, but this patient succumbed due to irreversible hemorrhagic shock. Another patient which could not be saved was a 24-year-old adult male with BTA due to fall from height with Grade 5 splenic rupture, who underwent splenectomy but died after 7 days due to acute respiratory distress syndrome and sepsis.

Out of 129 patients, six patients needed readmission within 2 weeks of discharge, 3 (3.1%) in NOM group and 3 (8.8%) in OM group, and the difference was statistically insignificant (*P* = 0.034). Two follow-up patients of NOM needed left-side ICD insertion for pleural effusion. One patient in the NOM group got readmitted with delayed splenic rupture and underwent splenectomy 2 days postdischarge (7 days after index admission and angioembolization) and presented to emergency department with abdominal pain and hypovolemic shock. One follow-up patient in the splenectomy group needed left-side ICD insertion and two others required pigtail insertion for splenic fossa collections. All patients made uneventful recoveries. No splenectomy follow-up patient returned during the period of follow-up with complaints in keeping with OPSI.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

NOM of traumatic splenic injuries has become the standard of care in hemodynamically stable patients.\[[@ref9][@ref10][@ref11]\] Reasons for increased adoption of NOM for abdominal solid organ trauma include improved quality and accessibility of computed tomography, better understanding of the physiology of critically ill patients, dedicated trauma nursing making close monitoring effective, round-the-clock availability of ORs in trauma centers, and increased availability and expertise in AE. Multiple studies have confirmed the success and efficacy of NOM.\[[@ref11][@ref12]\] Success rates of around 80% have been reported in the literature for NOM of traumatic splenic injuries.\[[@ref10][@ref11][@ref12][@ref13]\] In this study, the success rate of NOM was 96.8%. We attribute this remarkable success rate of NOM to cautious selection of patients for NOM. Accumulation of experience over time may also have increased the beneficial impact on the above.

The advantage of NOM is not only the preservation of splenic function but it also averts the complications associated with laparotomy. The major disadvantage is the sequel of a delayed surgical intervention, if required.\[[@ref14][@ref15]\] It is thus crucial to carefully monitor the patients receiving NOM, following the established protocol. In our series, two patients deteriorated in the first 24 h of AE, and another had a delayed complication after 7 days. Owing to close monitoring, patients were identified in a timely fashion, thereby preventing catastrophe.

Di Saverio and Moore highlighted that patients with Grade 4/5 splenic injury were at increased risk for developing complications and a higher NOM failure rate even though NOM is being utilized increasingly for high-grade lesions.\[[@ref16]\] Similarly, Peitzman and Richardson showed in their studies that the NOM failure rate was proportional to the splenic injury grade: 5% in Grade 1, 10% in Grade 2, 20% in Grade 3, 33% in Grade 4, and 75% in Grade 5.\[[@ref17]\] Comparable failure rates were seen in the study conducted by Velmahos in 14 trauma centers, with failure rates of 34.5% for patients with Grade 4 lesions and 60% for Grade 5 lesions.\[[@ref18]\] In our series, 71.3% of the patients were successfully managed conservatively. No NOM failed in Grade 1--3 splenic injuries (64/95; 67.3% of NOM injuries). Failure of NOM occurred only in Grade 4/5 injuries (3/31 patients; 9.6%). Notably, whereas 31.7% (13/41) of Grade 4 injuries required splenectomy, 84.2% (16/19) of Grade 5 injuries required splenectomy, which is in agreement with Peitzman *et al*.

Our initial operative intervention rate of 26.4% is comparable to other centers.\[[@ref19]\] Splenorrhaphy should only be carried out in hemodynamically stable patients who have a salvageable spleen, i. e., low grade of injury. We had one patient of Grade 2 injury who underwent splenorrhaphy.\[[@ref20]\] Splenectomy is indicated in extensive splenic parenchymal injuries leading to hemodynamic instability. In our series, as majority of patients in OM group were hemodynamically unstable, all but one patient underwent splenectomy.

In the majority of cases, splenic rupture presents acutely, and in about 15% cases, it presents days to weeks later after a significant abdominal injury with a delayed rupture.\[[@ref21]\] Of 95 patients, there was one postangioembolization patient who was readmitted with delayed splenic rupture and underwent splenectomy. Patients with splenic trauma who present acutely have 1% mortality while patients with delayed splenic rupture have 15% mortality.\[[@ref22][@ref23]\]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Isolated splenic injuries are mainly due to blunt abdominal trauma following RTI and falls from height and most commonly involve the younger population group. NOM can be adopted in the majority of patients with blunt isolated splenic injuries with careful patient selection. However, enthusiasm for NOM should not let a bleeding spleen threaten the patient\'s life. Patients with higher grades of splenic injury are more likely to require operative intervention. This group is further characterized by need of more blood transfusion, prolonged ICU and hospital stay, and higher mortality in comparison to patients of nonoperative group. Although the majority of patients managed nonoperatively can safely be discharged on the 5^th^ day of admission, an occasional NOM patient may experience late deterioration even after this window, and close follow-up should be ensured to prevent a dismal outcome. No cases of OPSI occurred in 8 years of managing splenic trauma.
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